The objective was to investigate potential differences between two Leptospira serovars, host-adapted (Bratislava) and incidental (Copenhageni), in causing reproductive disorders in mares. From August 2009 to March 2011, 608 adult recipient mares from eight studs located in the state of Rio de Janeiro, Brazil, were screened for leptospirosis. These mares were 3-8 years of age, of various breeds, and were managed in a semiextensive system (embryo transfer centres). According to the reproductive history of these mares, the studs were categorised as Group A (357 mares: high prevalence of reproductive problems), and Group B (251 mares: all pregnant). Of the 608 samples tested serologically, 273 (44.9 per cent) were reactive (titres ≥200), predominantly against Bratislava (62.3 per cent of reactive mares). In Group A, 247/357 sera (69.2 per cent) were reactive, with reactivity against Bratislava (64.8 per cent of reactive). By contrast, in Group B, only 26/251 sera (10.4 per cent) were reactive, the majority against Copenhageni (61.5 per cent of reactive). Seroreactivity against Bratislava was more likely to be associated (P<0.001) with reproductive problems than seroreactivity against Copenhageni; this association was true for early embryonic death (P<0.001), perinatal death (P<0.01), and abortion (P<0.001). Additionally, 29 urine samples were collected (from Group A mares) for Leptospira species PCR, of which 16 were positive (55.2 per cent). We concluded that leptospirosis was associated with poor reproductive performance in embryo recipients, with the majority due to host-adapted Bratislava.
Introduction
Leptospirosis in animals may present in various forms, depending on host species, environmental conditions and the infecting serovar. Whereas incidental serovars usually determine acute clinical syndromes including haematuria, fever, jaundice, anorexia and respiratory distress, host-adapted serovars typically cause chronic or subclinical infections (Yan and others 2010) . In horses, in addition to well-known ophthalmic alterations (eg, uveitis, which is also termed moon blindness), leptospirosis may lead to serious reproductive disorders, including abortion, perinatal mortality, placentitis and premature foaling, with substantial economic impacts (Dixon and Coppack 2002, Pinna and others 2007) . Abortion due to leptospirosis is a consequence of fetal leptospiremia, since these bacteria may cross the placental barrier (Sebastian and others 2005) . Nevertheless, not all infected horses have clinical signs of the disease; subclinical forms are very common, particularly in endemic regions. In this latter form of the infection, animals can carry leptospires and spread the organism even in the absence of clinical signs (Houwers and others 2011) .
Regarding incidental infections, in North America (USA and Canada), serovar Pomona seems to be predominant (Timoney and others 2011) , whereas in tropical countries, mainly Brazil, India, Thailand, Vietnam, Australia and Barbados, serovars belonging to the Icterohaemorrhagiae serogroup, for example, Copenhageni, are generally the most prevalent (Båverud and others 2009, Hamond and others 2011) . Members of the Icterohaemorrhagiae serogroup are maintained and transmitted by rodents, particularly Rattus norvegicus. By contrast, Bratislava (Australis serogroup) is considered a host-adapted serovar in horses and may be transmitted from one animal to another by direct or indirect contact with contaminated urine (Ellis and others 1983) .
Although serological evidence of this serovar has been reported worldwide (Odontsetseg and others 2005, Pinna and others 2007, Båverud and others 2009), there is a paucity of studies regarding the real role of Bratislava in reproductive problems caused by to leptospirosis in horses. Probably due to the reported extreme difficulty in cultivating this bacterium (Bolin and Cassells 1992) , this serovar is very seldom isolated worldwide and has apparently never been reported to have been isolated in Brazil. Consequently, nearly all studies regarding the epidemiology of that serovar are based on serological evidence, and therefore subject to inherent limitations, mainly lack of sensitivity and specificity. Although reliable to differentiate among serogroups, microscopic agglutination test (MAT) cannot distinguish serovars (OIE 2008) . Additionally, seroreactivity is not a guarantee that the agent is actively circulating on the farm. In the current study, despite that limitation and in order to facilitate interpretation, seroreactivity against serogroup Australis (Bratislava) and Icterohaemorrhagiae (Copenhageni) were referred to as Bratislava and Copenhageni, respectively.
Although not frequently described in horses, the role of Bratilsava in reproductive disorders has been clearly demonstrated in pigs; it has been isolated from the kidney and uterus in repeat-breeding sows (Ellis and Thiermann 1986) , from placentae and from weak newborn piglets (Bolin and Cassells 1992) and was associated with a prolonged interval between farrowings and infertility (Ramos and others 2006) . Differences between leptospirosis determined by incidental or adapted serovars, as well as the association of each serovar with specific reproductive disorders, have apparently never been described in horses.
The objective of the present study was to investigate potential differences between host-adapted (Bratislava) and incidental (Copenhageni) Leptospira-serovars as the cause of reproductive disorders in recipient mares.
Materials and methods

Study population
From August 2009 to March 2011, 608 recipient mares from eight studs located in four cities around Rio de Janeiro, Brazil, were screened (serologically) for leptospirosis. Samples were collected during the rainfall season (October to March). The studied mares were 67±29 months (range, 38-96 months), of various breeds, and were included in a semiextensive breed system, fed once a day in barns, and ad libitum at field. It was noteworthy that all these mares had access to flooded areas of the farm where they probably drank water. Additionally, as inclusion criteria, those studs provided daily assistance by the resident veterinarian, including reproductive management based on ultrasonography (US), adequate nutritional support; vaccination against herpesvirus (seronegativity of all mares); absence of Streptococcus zooepidemicus (confirmed by bacteriological culture); and absence of a specific programme of vaccination against leptospirosis (none of the mares had a history of vaccination against leptospires). Since all mares from Groups A and B were involved in an embryo transfer programme, hygienic and management conditions were similar. During this study, no specific control or treatment measures for leptospirosis were conducted. Transrectal ultrasongraphic assessment of the uterus and conceptus was done at approximately 15, 45, 90, 180, and 270 days of pregnancy. To minimise perinatal deaths, mares were closely monitored and managed during the foaling process. To identify mares with endometritis, ultrasound and uterine cytology were conducted before embryo transfer. According to the reproductive history of the mares (data from the clinical veterinarian), the studs were categorised into Group A (5 studs, 357 mares), with a high prevalence of reproductive problems (embryonic recovery <50 per cent, embryonic death >10 per cent, abortions >5 per cent, and frequent perinatal death), and Group B (3 studs, 251 mares), previously selected based on all mares being pregnant (confirmed by ultrasound).
In the second part of the study, from June 2011 to August 2011, two studs from Group A with a high prevalence of seroreactive mares (>40 per cent) were selected, and urine samples from 29 mares with high titres (≥800) at serology were collected for bacteriological and molecular assessments.
Sampling
Blood samples were collected (into evacuated tubes) by jugular venipuncture. The vulva was carefully cleaned and urine samples (second voiding of urine) were collected in sterile vials. These samples were immediately used to inoculate 10 per cent liquid Ellinghausen-McCullough-Johnson-Harris medium (EMJH; Difco, Detroit, Michigan, USA)/saline and transported to the laboratory at room temperature. Urine was also chilled and transported to the laboratory for PCR.
Laboratory procedures Serology
In the laboratory, blood samples were centrifuged (1000×g for 10 minutes) and examined for anti-Leptospira antibodies by MAT, as described (OIE 2008) . Briefly, the antigens were a panel of 24 strains (representing all described serogroups) of live Leptospira grown in liquid medium EMJH (Difco), and free of contamination or self-agglutination. Titres ≥200 were considered reactive (Hamond and others 2013) . The highest titre was designated the infective serogroup.
Bacteriology
For bacteriological culturing, samples were inoculated using a serial dilution technique (to 10 −2 and 10 −3 dilutions), into Fletcher semisolid medium, which contained 300 mg/l 5-fluorouracil (Pharmacia, Kalamazoo, Michigan, USA) and 20 mg/l nalidixic acid (Oxoid, Basingstoke, UK), and incubated for 24 hours at 28°C. After 24 hours of incubation, tubes were seeded into Fletcher semisolid medium (Difco, Detroit, Michigan, USA) without antibiotics, incubated at 28-30°C, and examined by darkfield microscopy once weekly for 20 weeks (Lilenbaum and others 2007) .
PCR
Prior to PCR, DNA was extracted with the Promega Wizard SV kit genomic DNA Purification System (Madison, Wisconsin, USA). The primers (Stoddard and others 2009) were LipL32-45F (5′-AAG CAT TAC CGC TTG TGG TG-3′) and LipL32-286R (5′-GAA CTC CCA TTT CAG CGA TT-3′), with a referred specificity and sensitivity of 100 per cent. For amplification reactions, 0.6 µM of forward and reverse primers were used, as well as 1.0 U Taq polymerase, 10× reaction buffer (50 mMKCl, 75 mMTrisHCl -pH 9.0, (NH 4 ) 2SO 4 20 mM), 2.4 µM MgCl 2 , 0.3 mM deoxyribonucleotide triphosphates, and 3.5 µl of DNA (final volume, 25 µl). The reaction was incubated at 94°C for 5 minutes for DNA denaturation, followed by 35 cycles of: denaturation at 94°C for 30 seconds, annealing at 53°C for 30 seconds, extension at 72°C for 1 minute, and a final extension at 72°C for 5 minutes. The products were separated on 2 per cent agarose gels and stained with ethidium bromide. A molecular weight marker was included for assessing amplicon sizes, and positive (DNA of Leptospira interrogans serovar Copenhagen strain L1-130) and negative (ultrapure water) controls were applied. After electrophoresis, gels were examined on an UV light transiluminator and photographed.
Reproductive parameters
Reproductive parameters were defined according to the history of each mare prior to sample collections. Early embryonic death (≤45 days of pregnancy), abortions (from 45 days to term) and perinatal death (≤3 days after birth) were considered. Reproductive tract examinations were done with transrectal palpation and ultrasound (Aloka SSD-500, Aloka, Wallingford, Connecticut, USA). Mares were examined as necessary by ultrasound during the postbreeding period, and at approximately 15, 45, 90, 180, and 270 days of pregnancy.
Statistics
The results of overall seroreactivity, as well as the predominance of serovars and associations with reproductive failures, were analysed with Fisher's Exact test, using GraphPad InStat V,3.05 (GraphPad Software, San Diego, California, USA). Additionally, ORs were calculated. Analyses with a CI exceeding 95 per cent (P<0.05) were considered significant.
Results
Reproductive parameters
None of the mares had clinical systemic signs compatible with acute leptospirosis. Regarding reproductive problems, 74 of 357 mares from Group A had early embryonic death (20.7 per cent), whereas 78 (21.8 per cent) aborted (confirmed by veterinary observation and/or ultrasonography) during the study period and 18 (5.0 per cent) had perinatal death of the foals (direct veterinary observation; Table 1 ). Overall, 170 (47.6 per cent) of mares in Group A had reproductive problems, whereas there were no reproductive problems in any of the mares in Group B. Other possible causes of pregnancy failure, for example, twin pregnancies, abnormal implantation area or abnormal embryonic development were not identified. No postmortem examinations were done on aborted foals.
Serology
Of the 608 serum samples tested by MAT, 273 (44.9 per cent) were reactive, predominantly against Bratislava (170 sera, 62.3 per cent of reactive), but also against Copenhageni (103 sera, 37.7 per cent of reactive). Cross-reactions occurred at low titres among various serogroups (from the 24 tested), but were not sustained at higher dilutions. Cross-reactions between Australis and Icterohaemorrhagiae serogroups were not noticed. In Group A, 247 of 357 sera (69.2 per cent) were reactive, distributed between reactivity against Bratislava (160 sera, 64.8 per cent of reactive) and Copenhageni (87 sera, 35.2 per cent of reactive). Regarding the titres, 103 (41.7 per cent) sera had titres of 200, whereas 101 (40.9 per cent) had titres of 400, and 43 (17.4 per cent) sera had high titres (≥800), combined for all studs tested.
In Group B, 26 of 251 sera (10.4 per cent) were reactive, against Bratislava (10 sera, 38.5 per cent of reactive) or Copenhageni (16 sera, 61.5 per cent of reactive; Fig 1) . In that group, three samples (11.5 per cent) had titres of 400, whereas the remaining 23 (88.5 per cent) had titres of 200.
Bacteriology
None of the 29 urine samples were positive on darkfield examination and no pure isolates were obtained.
PCR
There were 29 urine samples collected from two studs (14 and 15 samples, respectively). In these two studs, 7 of 14 (50 per cent) and 9 of 15 (60 per cent) of the urine samples were positive (pathogenic Leptospira species-specific).
Association between serology and reproductive parameters
Seroreactivity for leptospirosis was much more common (P<0.001) in studs with reproductive problems (Group A) than those without reproductive problems (Group B). In that regards, the probability of a seroreactive mare having reproductive problems was 19.4 times greater (OR) than a seronegative one (95% CI 12.2 to 30.9). Reactivity against leptospirosis (independent of the causative serovar) was associated with early embryonic death (P<0.001; OR 6.8; 95% CI 3.9 to 11.7), perinatal death (P<0.001; OR 13.2; 95% CI 3.7 to 46.4), and abortion (P<0.001; OR 203.8; 95% CI 28.1 to 1479.9). Interestingly, seroreactivity against Bratislava was more often associated with reproductive problems than seroreactivity against Copenhageni (P<0.001; OR 3.6; 95% CI 2.5 to 5.3). This was true for early embryonic death (P<0.001; OR 5.3; 95% CI 3.1 to 8.9), perinatal death (P<0.01; OR 4.5; 95% CI 1.6 to 12.5), and abortions (P<0.001; OR 2.3; 95% CI 1.9 to 3.0).
Discussion
The high rate of seroreactive mares was consistent with previous reports in Brazil others 2007, Hamond and others 2011) as well as other tropical others 1995, Léon and others 2006) , and non-tropical countries (Odontsetseg and others 2005) , as well as the predominance of Bratislava. This serovar is considered to be adapted to horses (Ellis and others 1983) , and has already been reported (serology) in the studied region (Pinna and others 2007) . Although further investigations are required, particularly those concerning recovery of the agent from clinical cases, seroreactivity against this serovar has been broadly associated with reproductive failure in horses, often without other clinical signs (Pinna and others 2010) . Furthermore, the high prevalence of seroreactivity for serovar Copenhageni was not surprising, since members of Icterohaemorrhagiae serogroup represent the major agent of leptospirosis in many species, including horses in the tropics, particularly in Brazil (Hamond and others 2011) . Apart from reproductive problems, it was noteworthy that mares lacked other clinical signs of leptospirosis, including jaundice, fever or ocular manifestations. Leptospirosis in horses is frequently subclinical and commonly manifested only by reproductive failure (Houwers and others 2011) , although the causative organism is often not identified. In that regard, culture requires a prolonged interval, is difficult, and has a high incidence of false negatives (Pinna and others 2011); therefore, serology is still widely used and represents the majority of reports. Therefore, despite representing a major drawback of this study, the absence of leptospiral recovery by culture is common.
The limitations of serology and bacteriology for detection of leptospirosis have been the greatest impetus for application of molecular tools, (Hamond and others 2012 ). In the current study, although necropsy and histopathology of aborted foals was not done, and culturing of leptospires was unrewarding, PCR was valuable for confirming the presence of the agent circulating among mares. We concluded that PCR should be used more often to diagnose leptospirosis in horses and to detect carriers of the bacterium; in that regard, PCR was recently used for diagnosis of equine pregnancy losses caused by Leptospira species (Whitwell and others 2009, Timoney and others 2011) and, more recently, our group used PCR to diagnose leptospirosis in an aborted foal (Pinna and others 2011) . Furthermore, PCR was used to determine the role of Leptospira in the pathogenesis of recurrent uveitis in horses (Pearce and others 2007, Gilger and others 2008) . Nevertheless, we acknowledge that the absence of a control group (Group B) for PCR was a drawback of our study. Unfortunately, despite our repeated requests, owners did not authorise further studies on seronegative-pregnant mares.
The association between seroreactivity and leptospirosis with reproductive problems is clear and has been extensively reported, albeit usually in outbreaks and often without a clear statistical significance (Donahue and others 1995 , Sebastian and others 2005 , Szeredi and Haake 2006 , Pinna and others 2007 , Pinna and others 2011 . In the current study, mares with reproductive problems were significantly more frequently seroreactive than those without reproductive problems. Abortion, the most frequent reproductive problem associated with seroreactivity for leptospirosis, may be associated with placentitis (Szeredi and Haake 2006) , whereas early embryonic and perinatal death, even when not generally perceived as being caused by leptospirosis, were also more common in seroreactive mares, consistent with the few reports regarding neonatal (Pinna and others 2007) or perinatal (Donahue and others 1995) deaths. Some similar findings have been reported in horses others 2010, Pinna and others 2012) , deer (Subharat and others 2010) , and cattle (Guitian and others 1999) . Nevertheless, there are other reasons related to reproductive failures in horses, for example, age of mares; other infectious and non-infectious process; and inadequate nutrition. These factors should not be neglected during the process of diagnosis and reduction of reproductive failures in equine studs.
In our opinion, the most important outcome of the present study was that association of seroreactivity to leptospirosis with reproductive problems was not the same for host-adapted (Bratislava) and incidental (Copenhageni) leptospiral serovars, since seroreactivity against Bratislava had a much stronger association with reproductive problems than that against Copenhageni. In that regard, a mare seroreactive to Bratislava was 3.6 times more likely to have reproductive disorders than a mare seroreactive to Copenhageni, although the latter were still more likely to have reproductive problems (all categories studied) than seronegative mares. We consider that these results represent new knowledge regarding the association between leptospirosis and reproductive problems in domestic animals, particularly in mares. Additionally, although the relationship between host-adapted serovars and reproductive problems has been highlighted since the 1980s, possible differences between host-adapted and incidental leptospirosis in animal reproduction has been largely neglected in horses, although reported in sows (Ramos and others 2006) .
In conclusion, the present study provided evidence that seroreactivity for leptospirosis, among other causes, may be associated with reproductive failures in horses, including, but not limited to, abortion. Furthermore, it was noteworthy that mares reactive against Bratislava, a host-adapted serovar, were more likely to have reproductive problems than those reactive against incidental serovars, for example, Copenhageni.
